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It has recently been pointed out that the 511 keV emission line detected by Integral/SPI from the
bulge of our galaxy could be explained by annihilations of light Dark Matter particles into e+e−. If
such a signature is confirmed, then one might expect a conflict with the interpretation of very high
energy gamma rays if they also turn out to be due to Dark Matter annihilations. Here, we propose
a way to accomodate the existence of both signals being produced by Dark Matter annihilations
through the existence of two stable (neutral) Dark Matter particles, as is possible in theories inspired
from N = 2 supersymmetry.
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I. INTRODUCTION
Dark Matter particles are expected to produce indi-
rect annihilation signatures via production of high en-
ergy e+, p¯, γ, ν which are potentially detectable [1]. An
especially intriguing signal has recently been observed
with the SPI spectrometer on the INTEGRAL (INTEr-
national Gamma-Ray Astrophysics Laboratory) satellite,
which detected a bright 511 keV γ-ray line from the galac-
tic bulge [2]. This detection turns out to be in good
agreement with previous measurements [3] and fits rea-
sonably well to a gaussian with full-width half-maximum
of ∼ 9◦, with a 2σ confidence interval of 6◦ − 18◦.
Positrons in the galactic bulge can be emitted by such
astrophysical objects as for example hypernovae [4], neu-
tron stars or black holes [5] etc. However, whether these
sources can be at the origin of this 511 keV line is still
under debate [6,7], especially in the bulge which con-
sists exclusively of old, low mass stars. As an alter-
native explanation, annihilations of light Dark Matter
particles [8,9] into e+e− seem to provide a surprisingly
good explanation for the Integral measurement, if the
dark matter halo profile is approximated in the centre
of the galaxy as ρ(r) ∝ r−γ with γ ∈ [0.4 − 0.8] [10].
Such a value corresponds to a mild cusp intermediate
between the NFW distribution [11] and the profile ex-
trapolated from observations of dwarf and low surface
brightness galaxies [12]. This empirically-derived pro-
file is consistent with a density profile that incorporates
information on the dark matter contribution constrained
by gravitational microlensing measurements of the Milky
Way bulge [13]. Moreover the inferred annihilation cross
section is concordant with that inferred from the relic
density, without any need to assume a boost factor, due
for example to dark matter clumpiness.
One way to determine whether the 511 keV line is due
to astrophysical sources or Dark Matter (DM) annihi-
lations is to seek a similar signature from low surface
brightness dwarf galaxies [14]. Those objects are every-
where dark matter–dominated. Therefore, if the emis-
sion line detected in our galaxy is due to DM annihila-
tions, then one should also detect a 511 keV line from
nearby dwarf spheroidals. The flux from the Sagittarius
Dwarf Galaxy, in particular, appears to fall within the
expected sensitivity of Integral/SPI. It is therefore quite
likely that, in the near future, Integral/SPI will be able
to rule out or confirm the existence of Light Dark Matter
(LDM) particles.
Other experiments seek to detect very high energy
gamma rays (i.e. of order a hundred GeV) [15]. Clearly,
if the assumption of LDM were to be confirmed, it would
seem difficult to accomodate low as well as possible high
energy gamma ray signatures (unless, of course, astro-
physical sources appear to be at the origin of the high
energy gamma rays). In fact, the latter may have a nat-
ural explanation within the framework of the (Minimal)
Supersymmetric Standard Model. Annihilations of the
lightest neutralino are indeed expected to give rise to
gamma rays of up to several hundred GeV. Whether they
would appear a satisfactory solution or not then depends
on the angular and energy distribution of the observed
gamma rays.
However, it is difficult to accomodate very large neu-
tralino masses (as required if very energetic gamma rays
are detected), with the large annihilation cross sections
needed to comply with the sensitivity of present/next
generation gamma ray experiments, unless one invokes
the supermassive black hole at the centre of our galaxy
to steepen the innermost dark matter cusp within the
zone of influence of the black hole and thereby enhance
the predicted annihilation rate [16]. The amplitude of
this effect is of course dependent on uncertain astrophys-
ical assumptions about the formation of the supermassive
black hole.
Also, it is worth mentioning that the adoption of very
large neutralino masses requires one to invoke the coan-
nihilation mechanism in order to produce a low enough
relic density. However, the conditions for coannihilation
to operate are not always satisfied, as shown in [17]. In
particular, the decay process of the particle with which
the neutralino is supposed to coannihilate (namely the
Next-to-Lightest Supersymmetric Particle, NLSP) may
be more efficient than the processes that can regenerate
this particle. As a result, one is left with the annihila-
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tion region (allowing for neutralino masses up to ∼ 100
GeV), plus potentially only a small region of the super-
symmetric parameter space corresponding to the largest
neutralino masses (i.e. for which the neutralino is almost
mass degenerate with the NLSP and where the efficiency
of the NLSP decay process is significantly reduced).
In this Letter, we point out that it is possible to rec-
oncile the low and high energy signatures, even if both of
them turn out to be due to Dark Matter annihilations.
Indeed, existing theories predict two different kinds of
Dark Matter particles [9]. For example, in a N = 1
supersymmetric framework with mirror fermions (some-
how reminiscent of N = 2 extended Supersymmetry)
[18], one expects the existence of two neutral and stable
particles. One would be a heavy fermion for example,
like the lightest neutralino, and the other one a possibly
light spin-0 particle. Both of them would be neutral and
also stable as a result of two discrete symmetries (say R
and M -parities).
The light particle would be crucial in order to achieve
the correct relic density, while heavy stable particles
would be at the origin of very high energy gamma rays.
Light particles would be difficult to detect in direct Dark
Matter detection experiments because of their mass but
heavy particles would also be hard to find due to their
small residual number densities.
II. RELIC DENSITY, 511 KEV LINE AND HIGH
ENERGY GAMMA RAYS
Let us assume that there indeed exists two DM par-
ticles. The first question to deal with is: how do they
share the observed relic density [19]?
If the 511 keV emission line is indeed due to LDM an-
nihilations in the centre of the Milky Way, then one needs
a cross section (times the relative velocity, normalised to
c) of about ∼ 10−4 to 10−5 pb to fit the observed flux
(9.9× 10−4 ph cm−2 s−1) and the angular distribution of
γ-rays indicated by Integral/SPI.
On the other hand, it is also necessary to avoid an
overproduction of relic LDM for the observed low energy
gamma ray flux or an overproduction of gamma rays for
a given relic LDM abundance. Since low DM masses ac-
tually increase the amount of annihilations in our galaxy,
and consequently the flux of low energy gamma rays that
has been well measured by several experiments, one has
to invoke a v2 suppressed annihilation cross section. One
way to achieve this is to assume a scalar particle coupled
to a new light gauge boson [9]∗.
∗This gauge boson is similar to the one introduced in [20,21].
However, in the case we discuss here, it would be coupled to
Dark Matter and, in fact, would mainly decay into two DM
particles.
The LDM cross section would then be much larger at
early times than is expected in our galaxy [8]. For ex-
ample, one expects their annihilation cross section to be
about 10−5 pb in the Milky Way, to explain the 511 keV
line, and about 1 pb in the primordial Universe (since the
DM velocity is ∼ 3 10−3 the velocity in the primordial
Universe).
Given the relationship between the relic density of an-
nihilating DM particles and the annihilation cross section
in the primordial Universe, the cosmological parameter
associated with these light particles is then expected to
be about
Ωthdmh
2 ≃ 0.024× xF√
g⋆
×
( 〈σv〉p
1 pb
)−1
(1)
where xF=mdm/TF ≃ 12− 19 for particles in the MeV-
GeV range, g and g⋆ are the numbers of internal and
relativistic degrees of freedom, respectively and v is ex-
pressed in units of c. Note that 〈σv〉p stands for the
primordial annihilation cross section of LDM.
For ∼ MeV particles, the value of xF√g⋆ is ∼ 4. Thus
one obtains Ωthdmh
2 ≃ 0.095 (〈σv〉p/(1 pb))−1. This has
to be compared to Ωdmh
2 ∼ 0.1 as found by WMAP.
LDM particles are therefore likely to fit the observed
relic density, leaving little room for another “weakly an-
nihilating” species. Of course, this depends on the profile
used and the exact cross section needed to fit the angu-
lar resolution of the SPI detection. If the annihilation
cross section of heavy DM particles (〈σv〉′) is larger than
1 pb at both early epochs and today†, then these parti-
cles are likely to be subdominant but, on the other hand,
they would yield significant gamma ray fluxes! This pic-
ture would then lead to a situation where one can fit the
observed relic density, explain the nature of the 511 keV
line if it is confirmed and potentially predict, at the same
time, a non-negligible flux for high energy gamma rays,
even if the dark halo profile is not as cuspy as the NFW
profile.
Assuming that LDM fulfills the relic density condition,
one can study the effect of a large annihilation cross sec-
tion associated with heavy particles. Of course, the larger
this cross section gets, the less credible it becomes (as
one expects σ ∝ 1/m2χ or ∝ 1/m2S, where χ and S de-
note the heavy DM particle or the exchanged particle
respectively). However, it is worth remembering that
resonances are possible, in which case they would signif-
icantly enhance the cross section.
The 511 keV emission line seems to favor a quite flat
profile (for example γ ∼ 0.4). If so, then the annihilation
cross section needed may appear extremely large. In fact,
this would be probably too large compared to what could
†One would then require constant annihilation cross sections
for heavy particles.
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be realistically expected in a particle physics model un-
less, perhaps, new kinds of interactions are invoked. On
the other hand, even a quite mild dark halo profile (i.e.
γ ∼ 0.8) would yield a significant amount of high energy
gamma rays if the annihilation cross section associated
with heavy DM particles turns out to be large but still
“realistic” (i.e. enhanced by resonance effects for exam-
ple). Such a scenario would then be in agreement with
the Dark Matter cosmological parameters measured by
WMAP as well as with low and high energy annihilation
signatures (if they were both confirmed).
III. A THEORY WITH TWO STABLE DARK
MATTER PARTICLES
A very important requirement regarding any Dark
Matter candidate is its stability. In a Standard Super-
symmetric framework, the neutralino (absolute) stability
is obtained through a Z2 discrete symmetry, called R-
parity [22]. This symmetry implies the decay of a super-
symmetric particle into another one, plus standard model
particles. This is what prevents the lightest supersym-
metric particle (LSP) from decaying.
Since we are now looking for two stable particles, it
is particularly interesting to start working within the
framework of N = 2 extended supersymmetric theories,
as they may naturally allow for two Z2 discrete symme-
tries, and may ultimately lead to two new distinct DM
candidates. We shall denote these two discrete symme-
tries as R and M parities.
Note that the particles which matter for our purpose
(say mirror leptons/quarks and new spin-0 states that
couple these mirror particles to ordinary ones [18]) may
be kept even after one abandons the full N = 2 super-
symmetry in favor of a N = 1 theory.
A. Two discrete symmetries
As mentioned before, N = 1 supersymmetric theory
may admit a discrete Z2 symmetry. The latter can be
seen, in fact, as a remnant of a continuous R-symmetry
(Rp = (−1)R).
Thus, quite similarly to the case N = 1, an extended
N = 2 theory, for which there are now two supersymme-
try generators
Q =
(
Q1L
Q2L
)
, (2)
may admit a SU(2)×U(1) global R-symmetry, that acts
on the doublet Q.
Such a global R-symmetry allows one to act indepen-
dently on the two supersymmetry generators Q1 and Q2.
One can therefore define two distinct R-parity symmetry
operators, R1 p and R2 p; the usual R-parity symmetry
corresponding to the product
Rp = R1 p R2 p . (3)
By abandoning the full N = 2 supersymmetry, one
singles out one of the two supersymmetry generators (say
Q1) and redefines one of the two discrete symmetries (say
R2 p) as the M -parity symmetry.
We are then left with two discrete symmetries: the
M -parity that can be seen as a Z2 remnant of a con-
tinuous U(1) symmetry (M) acting globally on N = 1
superfields, and the “standard” R-parity. Both of them
are kept intact after spontaneous breaking of the elec-
troweak symmetry.
B. Particle spectrum from extended supersymmetry
We now have to specify what is the expected spectrum
from extended supersymmetry and, more precisely, which
particle could be the LMP.
When N = 2 extended supersymmetric theories are
formulated in terms of N=1 superfields, ordinary gauge
superfields are accompanied by additional (N =1) “chi-
ral gauge superfields”. Together, they describe N=2
massless gauge multiplets containing, for example, two
gluino octets, two photinos, etc., as well as two color-
octets of spin-0 gluons, two spin-0 photons, etc. [18].
(These new “scalar gauge fields” may also appear as orig-
inating from the fifth and sixth components of higher-
dimensional gauge fields V µˆ, in a six-dimensional space-
time [23].)
Matter (and also Higgs) chiral superfields systemati-
cally occur in pairs so as to describe N = 2 “hyper-
multiplets”. Since quark and lepton fields belong to left-
handed electroweak doublets and right-handed singlets,
one has to introduce mirror particles which belong to
right-handed doublets and left-handed singlets . This
also necessitates however the introduction of appropriate
symmetry breaking mechanisms, allowing one to reduce
the full N = 2 supersymmetry down to N = 1.
Mirror quarks and leptons (qM and lM ) may then ac-
quire large masses through large Yukawa couplings with
electroweak Higgs doublets (namely H1 and H2 in the
standard supersymmetry framework). They would have
evaded past accelerator searches if heavier than a few
hundred GeV’s, but may still show up at LHC.
The breaking of the (N = 2) supersymmetry may be
elegantly obtained by demanding periodic and antiperi-
odic boundary conditions for ordinary R-even particles
and their R-odd superpartners, respectively – in which
case the masses of the (lowest-lying) gravitinos, gluinos
and photinos, which fix the energy scale at which su-
persymmetric particles should start to show up, would
be given, in the simplest case and up to radiative cor-
rection effects, by m3/2 = m1/2 =
π h¯
L c =
h¯
2R c . L is
the size of the extra dimension responsible for supersym-
metry breaking. This led us to consider the possibility
of relatively “large” extra dimensions, associated with a
3
compactification scale that could then be as “low” as ∼
TeV scale [24].
It is quite conceivable that the new spin-0 states, as
well as mirror lepton and quark fields, may only mani-
fest themselves at the compactification scale. However,
whether the extra spin-0 components of gauge fields ac-
tually show up or not in the low-energy theory depends
on the details of the mechanism that should be respon-
sible for the breaking of the extended supersymmetry
(and/or the compactification of the extra space dimen-
sions). Since this mechanism is unknown, one can still
discuss the possibility that they appear in the low-energy
theory, much below the compactification scale.
The new spin-0 bosons – originally appearing as extra
degrees of freedom for spin-1 gauge fields – will then have
Yukawa couplings relating quarks and leptons to their
mirror partners. They should lead to new decay modes
(M -parity invariant) like
qM (or lM ) → q (or l) + neutral spin-0 particle . (4)
Note thatM -parity is equal to +1 for ordinary and Su-
persymmetric Standard Model particles (including those
described by the doublet Higgs superfields H1 and H2).
It is equal to −1, on the other hand, for mirrors, their su-
perpartners, the new spin-0 particles, the new inos (sec-
ond octet of gluinos, additional charginos and neutrali-
nos) and finally also for the extra Higgs bosons which
appear as the trace of the underlying extended super-
symmetry.
The lightest of the new M -odd particles, that remains
at the end of such decay chains, is then expected to be
stable.
C. A Light Dark Matter candidate
In the scenario described above, one ends up with a
new neutral and stable (M -odd) particle that can play
the roˆle of LDM candidate.
This particle could be a scalar (that couples ordinary
to mirror particles). In which case, it is expected to
annihilate in pairs through mirror fermion exchanges,
as discussed in [9]. However, such a scenario is disfa-
vored by the 511 keV line observation (which requires v2
suppressed annihilation cross section), unless the asso-
ciated cross section turns out to be extremely small in
the primordial universe (namely <∼ 10−31 cm3 s−1, which
requires heavy mirror fermions and probably chiral cou-
plings).
The LDM particle may also annihilate through possible
couplings to a spin-1 U boson, if the extra U(1) symme-
try generator includes a contribution involving the con-
tinuous U(1) M -symmetry generator ‡. In this case, one
‡Such a gauging of an extra U(1) not commuting with the
would obtain an attractive LDM candidate that could ex-
plain the low energy signature without being in conflict
with a signal at higher energies.
IV. SUMMARY
Supersymmetric theories originating from N = 2 have
the pleasant feature of providing two discrete symmetries,
that we denote R and M -parities. When they are con-
served, one expects that both the LSP (Lightest Particle
invariant under R-parity) and LMP (Lightest Particle of
the spectrum invariant under M -parity) become abso-
lutely stable. Such a scenario would then offer two DM
candidates: one would be the R-odd LSP and the other
one, the M -odd LMP.
Among the new M -odd particles, one finds spin-0
states. The case where one of them turns out to be the
lightest of the M -odd spectrum appears particularly ap-
pealing as it could play the roˆle of Light Dark Matter
candidate (with a mass of a few MeV-100 MeV). Pro-
vided one introduces a new light gauge boson U , one
could evade low energy gamma ray constraints [9] and
also explain the 511 keV emission line (if it is seen to be
due to DM annihilations) §.
To avoid an unwanted production in Z decays, this
spin-0 particle should have no or negligible direct cou-
plings to the Z. This would restrict potential LMP can-
didates to e.g. a spin-0 photon, or companion of the weak
hypercharge gauge field Bµ.
In such a scenario, one would for example end up with
the “standard” (lightest) neutralino as the R-odd LSP
and a new neutral spin-0 particle, as M -odd LMP.
The new M -odd spin-0 states are expected to couple
quarks and leptons to mirror partners. However, if the
latter are very heavy (a few hundred GeV for example),
one does not expect a significant contribution to low en-
ergy gamma rays. (The associated annihilation cross sec-
tion would indeed be dominated by a constant term but
this one is not expected to yield any significant contribu-
tion as it would be lower than 10−5 pb. ) On the other
hand, one expects high energy gamma rays from the an-
nihilations of heavy DM particles for which σv′ > 1 pb.
This scenario finally evades several astrophysical and
particle physics constraints including too large a contri-
bution to the muon and electron g − 2. On the other
hand, a gauge boson is expected to bring an extra con-
tribution to the ν − e elastic scattering cross section at
N = 2 supersymmetry may however generate anomalies (at
least superficially).
§There is no need to introduce a gauge boson for ∼ 100 MeV
but this case appears borderline regarding the 511 keV line,
the relic density criterion and the nucleosynthesis constraint.
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low energy. The latter has been measured by two exper-
iments (LAMPF and LSND). No significant deviations
have been found [25,26]. Therefore, it is necessary to ei-
ther impose a dissymmetry between the coupling of the
new gauge boson to DM and its coupling to standard
model particles or, alternatively, to suppress its coupling
to neutrinos (e.g. by having the q and l contribution to
the U current proportional to the electromagnetic cur-
rent, as discussed in [21]).
Of course, there may exist other ways out to achieve a
v2 suppressed cross section for LDM. We do not discuss
them in this letter.
By having two kinds of DM particles, we then fulfill
the correct relic density, potentially explain the 511 keV
emission line detected by Integral/SPI and simultane-
ously predict high energy gamma rays.
This would turn out to be particularly interesting ei-
ther if the smoking gun proposed in [14] reveals to be in
favor of LDM and if high energy diffuse gamma rays were
identified as coming from Dark Matter annihilations, or
simply if the high energy gamma rays turned out to be
associated with a Dark Matter annihilation cross section
that is much larger compared to what is needed to achieve
the correct relic density.
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